The subject matter is the mechanisms of emergence of instabilities in natural oscillations of semiconductor supertattices caused by their interaction with charged particle flows of extraneous electromagnetic radiation. The aim is calculating ratios to determine a degree of deviation of operating characteristics of semiconductor components from the norm, depending on the parameters of extraneous pulsed electromagnetic radiation. The objective is to model how currents that are induced with extraneous EMR interact with electrostatic oscillations of a semiconductor supertattice, using an implementation of (Cherenkov) resonance interaction of moving charges with electromagnetic oscillations under conditions where the phase velocity of the wave and the velocity of the charged particle are the same. The methods used: analytical methods for solving Maxwell's equations and medium equations in a framework of hydrodynamic approach. The following results are obtained. We have studied semiconductor components of electronic equipment (supertattices) being exposed to strong pulsed electromagnetic fields. The study was focused on the nature of changes in the working capacity of the components. We show that the effect of pulsed electromagnetic radiation is accompanied by an emergence of currents in the conductive hardware elements and an emergence of internal fields within them. One kind of reversible failures of semiconductor hardware elements is determined, based on interaction of extraneous radiation induced currents with the intrinsic fields of the supertattices of the hardware components. Similar failures occur under conditions of Cerenkov radiation (when the current is parallel to the structure boundary). It is shown that such interaction leads to energy losses in the induced currents spent to excitation of natural oscillations of the supertattice, i.e. to emergence of an oscillation generation mode that is characterized with a change in the volt-ampere characteristics of the hardware. Conclusion. The results obtained in this work can be used to evaluate the efficiency of active radio electronic devices (amplifiers, generators and converters of electromagnetic oscillations in the millimeter and sub-millimeter ranges) being exposed to extraneous pulsed electromagnetic fields. The comparative analysis of quantitative evaluations of reversible failures of semiconductor devices in dependence on the spatial configuration of the acting field (induced current parallel to the structure boundary) allows solving problems in optimizing the degree of distortion of the performance characteristics of these devices. K e ywor d s : electromagnetic radiation; semiconductor structures; surface oscillations; charged particles; vibration decrement.
Introduction
Most of the available theoretical and experimental studies of the impact electromagnetic radiation (EMR) has on radio equipment consider irreversible failures. (As you know, all types of failures that arise in electronic devices are usually divided into reversible and irreversible [1] [2] [3] [4] ). An irreversible failure mean complete loss of the device's functional characteristics. It occurs when the device performance changes beyond the permissible limits (in case of extraneous electromagnetic radiation, irreversible failures usually arise due to thermal breakdown of the components).
The mechanisms of irreversible failures that arise because of interaction of EMR induced currents and voltages with the processes characterizing functional purposes of the devices are usually modelled within the framework of the theory of circuits with distributed parameters. This approach allows evaluating working capacity criteria in general (for example, estimating the critical energy level characterizing a thermal breakdown), At the same time, for reversible failures, consisting in a temporary loss of working capacity, using circuit theory does not allow determining the distortion of the output characteristics of radio devices. Therefore, most of the problems associated with determining the mechanisms of reversible failures resulting from the impact induced currents have on operability of radio devices, remain open. This paper compensates to some extent the existing knowledge gap in this area of research on reversible failures. It studies how charged particle fluxes induced by EMR interact with wave processes in semiconductor structures of modern microwave electronics.
Task solution
The object of the study is a periodic structure consisting of semiconductor wafers (semiconductor superlattice). It is assumed that a flow of charged particles emerges in the structure because of EMR. The flow loses some of its energy spent on excitation of electromagnetic oscillations in the structure. The dispersion characteristics of the structure and the mechanisms of interaction between a flow of charged particles and electrostatic oscillations are investigated in this article. We have obtained equations for natural frequencies and determined the energy losses occurring in the currents because of excitation of EMR in millimeter and submillimeter ranges of electromagnetic waves.
Let a monoenergetic neutral flux of charged particles with density 0 n pass with constant velocity 0 v through a periodic structure (with period q ) consisting of alternating plasma layers 1 d and 2 d that differ in dielectric constant concentrations of conduction electrons 01 N and 02 N . Let us determine the spectrum and attenuation (increase) of electromagnetic oscillations of such a system. We select the reference system in such a way that X-and Y-axes are parallel and Z-axis is per-pendicular to the interface. Note that the energy a charged particle loses passing through a layered dielectric were first considered in [5] .
To describe electromagnetic properties of a structure consisting of plasma layers, neglecting the delay effects, we use the following system of equations:
Here ( , ), ( , ), ( , ), ( , ) n r t N r t v r t u r t are the perturbed concentrations and velocities of the electrons of the beam and of the stationary plasma; 0 ( ) z  and 0 ( ) N z are periodic functions that get values 01;02  and 01;02 N within the limits of
The indices 1 and 2 mean that the quantities in the equations (4) relate to the layers with thickness indexes 1 and 2 correspondingly. In the following, we have to introduce a scalar potential ( , ); (
At the interface, the following conditions of continuity of potentials and total currents i J (displacement and conductivity) are satisfied:
 Taking into account space-charge waves (SCW) that emerge in the structure due to a moving particle flux, there is a need for additional boundary conditions. We define the conditions using continuous flows of charged particles and their impulses. These conditions have the following form:
Using the property of translational symmetry
where k is an arbitrary wave vector), one can represent the boundary conditions on the layer separating planes as follows:
With assumption that all the variables are exponentially dependent on the coordinates and time, it is easy to obtain a solution for the equations in each layer. Using boundary conditions (2) -(3), undefined constants can be eliminated and a dispersion equation can be obtained that relates the frequency, wave vectors , , ,
x y q k  and the parameters of the medium.
Consider a one-dimensional case: q x ; q y = 0. The solution of the system of equations (1) in the i-th layer has the following form:
Langmuir frequencies of electrons of stationary plasma and , , .
A B C F beam are arbitrary constants. It is evident that the potential contains terms of various kinds. The first and the second terms represent a solution of Laplace
, the third and fourth terms are the potentials induced with the SCW. It is easy to verify that solutions 0 i A  are possible for the boundary conditions because in this case ( ) i J z identically vanishes, the concentration and velocity of the particles depend on constants , C F and the boundary conditions for the potentials (3) and (4) allow determining 1 2 , В В through , C F . In this case, we can obtain the following dispersion equation from the boundary conditions:
This equation was first obtained in [6] , where the possibility of emergence of unstable states was shown. At the same time, in [10] , the natural vibrations that are related to the frequency dispersion of the dielectric permutation and exist in the structure in absence of a beam were not taken into account.
In a case of a small beam density 1 
where
 is a component of a permittivity tensor of a finely dispersed medium.
In the case of a weak spatial dispersion:
in equation (7), we get:
The dispersion law of oscillations has the same form as in a homogeneous medium whose dielectric permittivity is equal to 1 2 ( , , )
. From equation (8) , in approximation of a low beam density, we get:
In this case, the frequency of oscillations is determined by the flight time of a particle through the spatial period of the structure
. While l is equal to the ratio of the flight time to the period of oscillations 
The instability increment
then we have instability under conditions of Cherenkov's resonance with an increment that is   1/3 1 2 d d times less than in a homogeneous plasma.
In the case of
, the instability relates to Cerenkov's parametric radiation of a charged particle [7] . It follows from (8) that instability also arises when zz  is a complex value and Re 0 zz   . The studied model of the interaction between induced currents and oscillations in semiconductor components of electronic radio equipment is quite universal and allows considering a number of interesting particular cases in experiments to determine criteria of resistance to reversible failures. Table 1 contains numerical estimates of instability increments of intrinsic electromagnetic oscillations of semiconductor-layered structures caused by their interaction with charged particle fluxes induced by extraneous EMR. The results are provided for a number of semiconductor structures [7] being used in modern microwave electronics.
Analysis
The amplitude of current is 100µA J  and the rectangular pulse duration is 1 μs. 
Conclusions
A model is proposed here for interaction between extraneous EMR induced currents and electrostatic oscillations of a semiconductor superlattice basing on an implementation of resonance (Cherenkov) interaction between moving charges and electromagnetic oscillations under conditions of the phase velocity of the wave and the velocity of a charged particle being the same. Ratios are calculated that relate a value of the instability increment to the magnitude of the induced currents and such parameters of the MOS structures as free carrier concentration, dielectric constant and structure dimensions. The quantitative estimates show that the value of the radiation energy falls within the sensitivity range of modern receivers of submillimeter radiation.
